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(57) Abstract: 

PROBLEM TO BE SOLVED: To position a sound image 
with precision without enlarging a finite period impulse 
response(FIR) filter by permitting the FIR filter to 
execute an arithmetic operation for one of output 
signals from frequency dividing parts so as to execute 
positioning at a prescribed position outside of the head 
of a listener 

SOLUTION; A headphone reproducing device is provided 
with the first and the second FIR filters 9 and 10 
executing FIR filtering for a low-band component from 
the first frequency dividing part 3 and the third and 
fourth FIR filters 11 and 12 excuting FIR filtering for 
the low-band component from the second frequency 
dividing part 4. Then, the frequency dividing parts 3 
and 4 divide an acoustic signal into the two signals of 
the high component and the low component Moreover, the 
FIR filters 9-12 executes the arithmetic operation (FIR 
filtering) for the low-band component signal so as to 
permit the sound image to be positioned at the 
prescribed position outside of the head of the listener 
15. Therefore, the sound image is positioned well at the 
prescribed position even when the frequency band of the 



acoustic signal to be reproduced is widened. 
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ti-r?>^ 1 Rt/^ 2 (DXfi^^. 

sffiE^ 1 Rcx^ 2 « A:^¥s*^ e> cDthtjm-^^ 2'D<Dm 

striH^ 1 <nm^m.6^m^^-fy^^(^--:f5(nd^t3mn\zn 
wiW.m2(7:>mm.^^m^m^<b(D-:f5<^mtsm^\zi^ 

^mi)^io:'^tii:fimmi^Dm-r^m2mm^^^M 
mwi^mz^n^n^m-r^w, 1 rd:^ 2 co^a^^^^-fij 

<nnmtdnmm-&i±^^ 1 osm^s. 

fE^2©jl3^^g*^^®m;'7^-^i:. fliE^ 1 RZ>'^ 2 

m 1 2 (Dmwmmmm^ (D^m^mmz'&DBm- 



;»7-r^^ 1 Rix^ 2 <7)A::^^a. 

mlfB^ 1 R?>'^ 2 c75A;'3^e:^^?.®tti;^jm^* 20©^ 

mnwm^n 5^2 <^igma^s> 
^wmt^w, 1 nmmm^w, 

^mmrt^W, 2 ©Sif iS^^g:, 
fa^2<^S'leiiS^g:*^e.«tB:^m-^t. SfrlSlliRD^ 

t< sfriE^ijiotM2<D?t#ffia¥a>6^e«$tb:^m^ 

[S*]S5) Sti(cS7i^5^-V>^;l'«0^^«-^^A 
^^iTS^ 1 RO^'lg 2 coA;^^©, 

flfria^ 1 ms-m 2 (DAti^^A^^<Diiit)m^^ 2 -^(Dm 
m.^^mz^n^en^^m-t^m 1 roj^2 co^Ki^^i-fij 

mmmm^rr ^^2 comnmm^^. 

mimm2(D^i&^^m^mTb^^(Dmjj(otiitimn=^m^ 

mm2 a:>mmm^mm^^*^<b(Dmf]m^t, summi 
&-(fm2(Dm.wm.m^^-^-'^<n^mtimnt^i]m-r^ 
m 1 oi)PSc^a> ^zfWifim 2 cDm&wcmim^*^ © 

iHfim^t, msimiRv^m2(DT^»mm^^f}^^(D'& 

fir^m 1 Rz/m 2 roA;^^^. 
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mmi^nmt^^ 2 (Disw^m^mm-r^ z. t. ^mm 

L« ^mm(Dmf^<Dm^o:>iim\z'^m^^itT^j:oiz 

^ fr 5 « 2 ©jii»5aa#g:. 
mwrnm^no m 3 w^gMijas^g, 

Rr>*t^fBm4<75tSff5!ia^&35>6rom:^fi-^t. tflfS^ 
l«SM^g*^e.Wttl:^fi#i:. flflfH^ 1 RZJflg 2 ©SI 



Mism 1 RZ>'^ 2 OA;^)^^^ ecDtti;^;^!^* 2 :3>wj^ 

it»saa ^ff ^> ^ 2 wsiff^as^ 

si^ma^ff ^^-s rosma^s. 

si»Ma -5 ^ 4 ©?^»i!ia^a. 
sfffE^ 3 ©j^s^aa^g^^e. roili;^M•^wSl|®&8iM•r 
2.^ 1 ©sinsisg^a, 

mmmm^m^^<Dmf}mm:. sfrfam 1 rd^^ 2 ©si 

a, S:f/BfrfH^4<75Si@5aa^a*^^.<^tfci:^M^t> Itf 

m2CDm%mm^^■^^^o)^m:hm^t^MW-r^m2 

cw*JS9i m^izmu^^^>^Ji^<^=^mm^^x 
ti-r^m 1 so^m 2 (Dxti^m^ 
mmm 1 ]ss:z>'^ 2 (Dxti^wc-^^6o:>m:hmn^ 2 ::>«^ 

b, ^^m<Dmn-<Dm^oy&m.\z^mf}^^&-ri>J:o^z 
mwmm^n o % 1 ©si^Ma^s, 

m.wmm=^n^m2<omnmm^m, 

tt^jaa^ff ^ ^ 3 (D?g»ma^g< 

b, SK,^wai^WR>f^wfifiJc#^7&^^{4-r«.«fcp(c 

i^^^aa^fir 5 m 4 (D}t»Ma^©< 

ttSS^ti". ^^tB:^i«^roSiii^iaSr^^2coB$ra 
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[0 0 0 1] 
[0 0 0 2] 

n±'^mmmo$>^^mn±'^fT^^. vtr-^^cdh 

[0 0 0 3] ^T. \^^>n±^@\Z~D^^X 

>n^i^m(DmfisL^^T':fayi^mx$>^o mio\z^ 

(Leftchannel) RZS:&^^>^Jl (Right channel) (D 

-^n^ni^^ o ) ^'tti'enxti'r^^ i 'R.zsm 2 (Dxt) 

S8^5 imSb 2, 'mKDXfl^f'^ 1;0^6COL c ho:) 
fi-^f-^L^fgB$^1<>/N^;UXjS^ (FIR (Finite I 
mpulse Response) ) y ^ ^) y^^^fro'^l'BLXSm 
2(D¥ \Ry^ Jl^bZmSS 4. 'BLUm2(OXt]1^=^ 
S2t^^(DRc \\(Dm^\Z^\^F I Ry^)V^ U 
fxom31BLUmA<DF IRy^JU^S 5^^D<^5 6 

m4<DF 1 Ry^JU^ 5 3S:t/^5 6 t^i^ e> com:'5{i-^^*P 

1 5 7. m 2 iblUW, s co f i r :? ^ ;u 

5 8. ^n'mi'BLXsw,2(Di]m^5 tiblts^ ^t^^om 
iimn^'^^x.x^mm^ o\z^n^tm^^^^m(D 



2 (— ^mffi{ci:Dii^) y&^?>. "^m^Eo^mmmf^ 
n^^ntzm^t.mmt^'^m'^^^ummizum.'f^ 

[0 0 0 4] m i ^iSm 2 c7) A;^i®T 5 1 :BlIS 5 2 fi. 

ti^. ^r^. L c h(Dm^\t. A/Duyn-^ 

-t±T) tCj:D. M^ML (m) T^^tl^m^tc^^ 
^nr, ^1S:0^^2(^F I Ry^^;U:^5 3RD^'5 4IC 

A:^$n^o l^lttc, Rch(J:>m^\t. K/Duyn- 
^ (Bl^i±-r) M»MR (m) TT^^n^^^ 

tcSJ^^tlT, :^3]S:a^'|g4cOF I Ry^;i/:5^ 5 5]S:IX 
S 6\ZXt}^ri^o {BL. mt^O;0^e>M- 1 cOS^Tfe 

^125l^^^2COF I R:7^;I/:$^5 3]5:t)^^5 4 t::^^, 
Xt^Vrzm^M'L (m) ;0^*Xfcf-;?7 6 l/^f^^^^hbTft 
lt$nTl/^^J:3J3, §lg^6 OtCiSi;^i±^;^i^)<7:)4$ 
tt;6^*^^$nTl/^^o ^t^t)^. mi(DF I Ry^ JV^ 
5 3\Z{^. mCOM^FLl (m) n^O/NVl/X 

m^x^^n^m^<DiA?mmm^^n. ig2coFi 

R>^^;i/^ 5 4fC^i. -r>/NVl/7.JE:^FR 1 (m) 

^ZSm40:>F I Ry^ 5 6\Z{t. XtlLTc 

m^MR (m) t^Xhi—tl 6 2^^^^^\^XtkM^nX 

^nrt.^'i)*. ~r/^J:t:)^. m3(DF I Ry^ 5 3\Z 
\t. ^ y/^)lXm^FR2 (m) T^$n^it^<7:)TAP 

m^-^^m^-^n. m4(DF I Ry^ jvi^ s 6\z\t. -iy 

A;i/XiS^FL2 (m) X^^n^^Wi(DX^^.^f)m 

^^nrt/^^o i^, c:ne>cD^i-^4(;)F I r:7^;1/ 

5^;^>/^:^;^7'□-iz:y1t (DSP (Digital Signal pro 
cessor) ) L S I 1^ bfl^o 

[0 0 0 5] :^\Z. t¥^co^'y F7K>:B^SM<^i!jf^tc 

±,m\.fc^o\z. y'^y^)v^^(Dm^ui. 

(m) tC^^^nfc^, m 1181^^2 (DF I Ry^ 
^S-RTSb 4\ZXti^n^o ^LT. fl-^ML (m) 
TIE (1) xC]S:t>' (2) ST^^n^F I Ry ^ )V 

^^)y^<Dp^mx$>^m:]^^mMti\ mimsm2(7:i¥ 
iRy ^ b z-blUs 4x^ri'ennf:>ti^o nu 
\z. m2(Dxii^'^5 2t^^(DRch<Dm^\-^^ "T^y 
^ )V':^^<Dm^uR (m) \zmm^ntzW:. m^-BLism 

4<DF \Ry^ )V9 5 5BlIS5 ^\ZXil^tl^. -^b 
X. M^MR (m) TIE (3) SCJ^O^ (4) 

$n^F I Ry^)V9^) y^<D}H^x^^m:'^^mM 
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LL (m) =ML (m) * FL 1 
RL (m) =ML (m) * FR 1 
RR (m) =MR (m) * F R 2 
LR (m) =MR (m) * FL 2 
{Bb, LL (m) RZSLR (m) ^t. S 9h^^ 

^§^#6 0O£:?fCiiJji-r^L c hRZSR c h(D'^<D 
^JE^-^n-^'tl^LTC'^^o RL (m) IlZJ^RR (m) 
{t. 5 9 R;0^^,§:li#6 Oco:&:?t'iiM-r^L 

c hRZJ^'R c hc7)^c7)^JE^^LTt/^^o ^^c, hHL 
(m) {t. Xtf-;b 5 9 L;6^e&:?cOteg (IE5itCfi® 

HR (m) xe-:^ 5 9 R;6^e>*:i^c7){i^tc43^t^ 

[0 0 0 6] z,:ix\ F iRy^ jii^(Dmmr<iimf&iz^ 

\^-t^>n^&m\zm^^'bn^F i R:7-Y;u:i^<^^ffl;^j:« 
i5g^^-r:/p^y^ll-c*^o ^i-^4coF I r:7^;1/ 

^cot)COTfe^. -^ns^. ^j^^smi coF I r:7^;i.^ 

1 C7)F I R:7^;1.:$7 5 3^5^ fl^ML (m) ^Xti^^ 
A;^ST6 3. A;^S^6 ST^^^com-^ML (m) 

mTtdnmrn^i^^ (m-d {icd>i]^^^6 4. -r> 

A'JI/XJSS^FL 1 (0) -FLl (M-1) (Dl^^-rn:^-^ 

(m) ^^^ST^Mfsco^^gge 5. umomwme 

L L' (m) =ML (m) * h S L 
RL' (m) =-ML (m) * h S R 
{HL, hSL (m) ;^tf-;^ 6 1;0^6&:?CD{5:S 

fpIIStC, hSR (m) \t. Xtf-:^ 6 l;0^e>*:^to 

fg-^ML (m) H4^>5 9:^i^^§lg#6 0f;iScl* 

$n;^c«^. ±a!L;^ccfc^tc, 6 0 cofe5]S:t/* 

:?tCiiMr^^(^^JELL (m) ^r/RL (m) \t. 

(1) ^^E:^/ (2) ^x^n^en^^n^o f^. -r>/N* 

;i/XiJ;^hHL (m) . hHR (m) , h S L (m) , 
LL (m) =LL' (m) 
hSL (m) =FL1 (m) *hHL 
RL (m) =RL* (m) 
h SR (m) =FR 1 (m) * hHR 

^umm^zmmr^^z^t. (s) ^j^d^ (i o) ^t^fi^ 

iiT^cfcptc, >y^;i/;^jS^ FLl (m) Rl^FR 

1 (m) ^^^-rnt^^i/^o 
[0 0 0 8] ::n^(7)<>/t;i/Xj;b^ fli (m) ^ 



(m) * hHL (m) • • • (1) 

(m) * hHR (m) • • • (2) 

(m) * hHR (m) • • • (3) 

(m) * hHL (m) • • • (4) 

^^tC^t^^TL c hOfi-^^fi-^ML (m) tC^MT^^ 

(D^y^^}y^m'i^mzn^.\.fdmWiX^^. ^coj:^ 

(7)F I Ry^^;i/^ 5 3^^. M^ML 
(m) tC*fLT*JP^<hilM<h^^OigL, (1) iCiC 

m^\Z^^^ntzM. ^ 1 cOJfjPff 5 7 (HIO) tcA 

[0 0 0 7] 'K\z. ±j7K<7)-r >/^;i-xjj:;^. ^jx.^^lc 

hCDfi-^ML (m) f3*f-r^-r >A°>'1/:^JS:^FL 1 
(m) :Rr/FRl (m) (D^'S.-nmz-DX^^X . 1112^ 

^\zim\^fz.m'^\z. ^mmo:>-^^'^\zw\^htifz,:k\f. 

-tit^^^^^mm\z'^Wi\.tz.mi'^^nmi.'^m.'^&,^ 
^mmz^wr^^zh^wmt^mmmx^^. r 

chCOM-^MR (m) t^MT'S'f >A>'I^XJ6^FL 2 
(m) 'mSFR2 (m) % [WI^$t'^^$n^t7)T\ 
WmW^'^'t^. mi 2\Z^\.^X. Lch<^m-^ML 
(m) tl^T^M-ti^ l;6^e>^li^6 0 tcjic«-$n;^c« 
§lg#6 ocD£:5]SLr/*:i:fciija-r^^(^^EEL 
L* (m) RI/RL' (m) TIE, ( 5 ) ^-BOS 

(6) ^T-^n-^^n^^ti^o 

(m) • • • (5) 
(m) • • • (6) 

J^I/hSR (m) fi. §1^.#6 0(7)Iigpco?^tt;^j:(h'f-ft 

fl^^, (1) s:. (2) (5) ic. -Bca (6) xCtc 
iifflT^^h. ;i^c^ (7) xC,- (8) (9) xC. ms 
(10) ^t^i^tut^o 

• • • (7) 
(m) • • • (8) 

• • • (9) 
(m) •-•(10) 

Z>'FR1 (m) ^?*^T^;^ffiiLT, 7"'JX^^^ 

hHL (m) , hHR (m) , hSL (m) , hSR 
(m) , FLl (m) , 5S:0^'FR1 (m) ^^K^M® 
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(Dmmiz^n'enm^m.-r^. •a<d (id (i 

HHL (m) =FFT (hHL (m) 
HHR (m) =FFT (hHR (m) 
HSL (m) =FFT (hSL (m) 
HSR (m) =FFT (hSR (m) 
HFLl (m) =FFT (FLl (m) 
HFRl (m) =FFT (FRl (m) 
{Bb. FFT 0 tt:7-UX^^ (FFT) $n;tM^ 
Sr^-r. 'AiZ, (8) ^RZf (10) iS;<£:^&icM^C0 
mWzm^Wr^. TIE (17) ^RZS (18) itOcfc 

HSL (m) =HFL1 (m) XHHL 
HSR (m) =HFR1 (m) XHHR 
U-oX. (1 7) (1 8) iC^^J^LT, 

HFLl (m) =HSL (m) /HHL 
HFRl (m) =HSR (m) /HHR 
(19) ^~ (2 0) S(C*=t.iT, HgpeSM^CH S L 
(m) . HSR (m) . HHL (m) , Rt/HHR 
(m) a« zB!)^tcJ;D#e.SCli:*^T^-5fe«T'*'5d^ 
e< eaM^HFLl (m) RZ>*HFR1 (m) ^^-^n 
-?-'n^t±i^ns. ^LT, WtBLfcfgSPgcHFL 1 

(m) slz>'hfri (m) ^^n^njj^ 7- U X^t^ 

( I F FT) -rSdilCcfcO. -f >/-?;l/XJt;#FL 1 
(m) RrJ^FRl (m) /O^^ttS • *^$n-5. CcDJ;^ 

^S1E#6 0«ftlrt(C^«!^^^ns^®«-^*, ^F 
IRy^ )V9 5 3-5 6 (cWtb bfc'f >/N'JUXiS^$K 

iCckO, ge^#6 0«^E*ti;^RD^"*tfi;^coHifS'^<jS:gC 
CO 0 0 9] 

I R7^';i/iS'(C*5t,iTjg3ffi^T<:D^S.Z>'^©g§CD»^lt 
J)p-r-2)iiJS*^S-:3;t. ^.(Drztb. §F I Ry^-jU^coa 

5r»m^t€:^C;fc. =&F I R7-<JU^(CTAP^ 

[0 0 10] c:</3fEBj«. u/,±(75a:5?^cPnm*c^^j*-r 

^«^^J[2;tf€)li^T?fe. F I R7-i';i':S'OTAP^^W 
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6) 

) •••(11) 

) •••(12) 

) ■••(13) 

) •••(14) 

) •••(15) 

) •••(16) 

(m) •••(17) 
(m) •••(IS) 

(19) SRiyf (2 0) iC*i#e.n5<, 

(m) -•-(19) 
(m) •••(20) 

[0 0 11] 

mm\t, «^^m^?&2o©m^^®(c^j-fijL. (i>tj:< 
iih-y5(nmi^m.wm<D^^mnizMi^r. m.misimm 

olzmMmm^ffOo z.cDJ^^\zmiS.'r^:zh\z^r). 
[0 0 12] 

tiit)mn^ 2^(Dm^m^miz^m-r^mi^^^m^ 
mmmt^^^mmm^i>(D-y^cDmtim^\zMi^-, 

ii^umt^mw^^^m^^, ±.m(o^o\zmfS.^n 

e.ro«^«^<&2::3«^&^»^lc^J-fiJ-rSo -^-LT, 

[0 0 13] $e.»C, {^(DmR<r>^y F*:>W^SeT 
tt. Sl.^lcS7^-l)5^-v>^>'K^*^M-^<£A;'3-r-2)^l 
Rl>'^2C7)A;b^S, lfrlH^lSO'^2WA:'l#g:*^e. 

2 «^&Sc^i-fiJ^@:< #Ifa^ 1 ws&m^i-fij^g 
S^a. t«rfE^2©^iSfc^>fiJ^g:7l^e(0-:^rotB:^]« 

-^('^L, ^^m<Dm9\-(om^<D&m.\z^^t^'&i^-t^ 
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m 2 (omw-mm^m^'^co'&mtim^t^um-r^m i 

T. ^ 1 RJ/^ 2 ©jg^Ms^a*^. ^lRyC^2 0Jl 

[0 0 14] ffic7)%BJ<D^-y H7)^>S^^fiT 

SlX^2»A:^^e, ^IEIIlB:tXM2cDA;^3^i&*^e> 

a^g. I^IH^2ro^ig^^i■ilJ^g*i6«-:^rC0ttS;^)M 
J;5CiSff«!ia^?f 5^2co?SffMa^&> flfE^lcD 

fIfa^2(DSM#g*^e><7)tiJ:^M^i:, IfrfB 
m 1 2 cD^MM^m^ 6 rosttl:;^;^^ t ^*p® 

m^t. mmmiRzfm2(Dm^mm^mf)^'^(D^tiiti 
m^t^i]B»T^m2cDmn^^^m^^. ±fE<oj;5 
H*>?f^se«, Mi&y:^2©jg 

iS^^^«iJ#a:*^*^ 1 S.l>'^ 2 OA;'7^g*^t.o^#«^ 

€:2^®^^i§:^^tc^n-?n^i-iij-r-5. ^bT> 

RUm 2 (DRgi^aa^g:*^, ^ 1 RO^^ 2 ®3K^i3-f>J 
miRyt^2<D?Sff«!ia^©^::>C#<rsc: 

[0 0 15] ^^\z, mo)mm(D^y VTi^>n^^m.T: 
it, m^izmrj:i>^^y^ji(D^mm^^xti-r^f^i 
RU^2(DXfi^m, mm^i'Si.zs^2<oxfi^mt)^'b 
cDtniim^^ 2 -Domi^^^m^z^n^nmi-r^f^ i 
Rz/m 2 (r>m^wc^m^^, wimm i <D^j&^i^w\^m 
ti^<ioi—:^o)tiit)mn\zML, ^m.m(Dmt^(Dm^<D^ 



m^z^mA^&&-r^jzoi,zm.wm:m^nomi<Dm.Mm 
a^g:> mmm2comi^^^m^^*^'bo-:/j(Dtii:hm 
mzMv, smm(Dmn(Dm^oiiiLmiz^mA^^^-r^ 
^^izmw-mm^ffom2cDm.n^sim^^, mmmi<D 

m 1 oywmmm^^, mmm 2 <nmim^m^m^ e. 
m-^(Dmtsm^<nm.m^mmt^m2 

m%2<Dm.mmm^^*^^(D^iimmi. 

w. 2 (r>mMwm^^-fi^ <b<D^^f)mmz ^nm-r^w, 1 

tfrfEMlS:r>'^2CDMff®a^S*^e.<©^tti:^M-§- 
t*ait-rs|g2coSD^^g:*{iASo ±fEOJ;^(c« 
^iX^tlfc'N-;/ F*>S^SB«. ^l]&?>"^2cD^il£& 
i^m^^t^W, 1 Rt>'^2 ©A:^i^g;0^e.<:D^gm-^Sr 2 

i}^^(D—:f5(D^:hmn\zn\^. ^mm<Dm9\-nm^<D'& 
m\z^mf)^'&^-t^^z}\zmw-^m.^tfi^nn^. c 

[0 0 16] $e.tC, h*7t^>S*^MT 

si.^(cS7:i:a5^A'>*;u®^^m-^4A:^-r-5^i 

RtX^2©A;^#g:, HfriElllRt/^2©A;^)#IS:*^b 

<Diu;^i^i-^s: 2 -^(Dm^wc^mz^n^n^mt^m i 

t>^ib(D-:>s<Dtiit}mmzM[^, S:m.^(^mfr\-<Dm^(DiiL 
m^z^mi)^^&:•ri>J^o^zm.^mm^TToml<Dm.w^ll^ 
m^m, wiBim2(Dm^m^m^m^iE>(D-^(Dmtim 
^ic*tb. ^jmmo:>mir\'<Dm^<^^miz^mA^^&-r^ 
^o\zmw-mm^nv^2o:)m.nmm^s^, mmmio 

iiM$-a-> mwimf}mn(Dmm^mmr^m i (^mmm 

^mm'r^f^2(Dmmmmmm^^, mmmicDmi^^ 
^m^^t)^^(Di&^(^ai:hm^^- mmm2 0mmmm 
mm^m-A^'^cDmtimmi, wimmiRz^m2cDm»fa]. 

flfffS^l®B#^^Sitil)IS^S*^e.Wtt);^«-^<i:. m 

wt^m2(Dmn^^^m^^. ±m(D^^\zmfii^n 

^ti^W, 1 -RXSW. 2 ® A;»7¥S;5^ 6 W^^M^^r 2 :3C0^ 
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[0 0 17] $e>{c:, i&CD^mo)^y h**>ff^seT 
-Si.ZSf^2(DXf)^Wi. flfrfE|glS2/^2<OA;^^g:*^b 

iBLum 2 (7)^?^»i)-iij^s, HffflH^ 1 (Dmrnm^m^m. 
j:p(c^»«aa<£fT^^2«j^»Ma^s, mmmin 

tiitim^ii^mm-r^m2maw^^^m^^. jlaect? 

m^s:2 0(DjiKis:^^[c:^n-€-'n^fij-r-2), -^lt, 
^ 1 Rix^ 2 cosiffma^a*^. ^ 1 Ro^M 2 c^^assc 

no. ii3s.a^M4co?^»Ma¥a;5^% miRt>* 

M2(^^iK©:^fiJ^S^e.c>ffe:^<^m:^i«-^«cMb, § 

[0 0 18] $6C, -flfiO^BJWN-;/ H*>?f*SgT 
Slri(cS;3:S5^-v>^JU®Wgfi-^5A:'j-r-5^l 
]S:Dt^2roA;^)^a, flflfElll2tD^'^2WA::^#g*^e> 
«tB:»3«-^^ 2t30^&^|g=JsS»C^n-€r'tl^fiJ-r-5^ 1 

Rifm 2 (Dmi^wc^m^^. mmf^ i ff^mi^^m^^m 
i)^iE>0-y5(Daiti{m\zMi^. §:^m(^m^<^m^(DiiL 

a^^. mmm2(nmm.^^%^\^wct^^'n-:^<nnitim 

cfc^»c?^Sjaa&fT5^2ro?^»ma#S, t<ifE^i<7) 
miM.^m''\^m-'^<r>Wj<Dmf)m^\zn\^. ^^mn 

^ ^ 3 ©sis^aa^g:. mmm 2 <Dm^m^m^m^ e> 



a. MfEM3©SI»5Q=a^S/5^e.<©tti;^fl^5:n'fScOBt 
mtd^TMrn-^'^^^ 1 cDjgS^g:, fliE^4 ©J^ffMa 

S(lfEM2©jg3^^g:*^e.«!±i;^m^t. ffrlB^ 1 SiO^'lg 

2 (DmM^m^m^ e. ro^tii::^;«-^i ^io^-rs^ 1 W 
am^wc. -BLismm^ 4 ®?^e^aa#a>6^ <D\^f^m^ 

2 ©sima^g*^ e> o^tB:/3«^ i ^im-t^ m 

4^>S^SMtt. m 1 R?>'ll 2 (DjliSf^ra-fiJ^©*^*^ 1 

\z^n^n^m-r^o ^bx, ^ i rd^m 2 osisc^iaa 

fjmmzMv. ^m.m(Dm^(Dm^(D^miz^m^^^ 
-r^^oizm-wmm^tn^tino. S/t. ^3S:y:^ 
4 (D?iff jaia^^*^. ^ 1 sit/^ 2 ® jais^4)-f ij^©*^ 

ic^«a*^5£te-r^j;5cj^s^!{ia&^n^'nfT-5o ci® 

[0 0 19] $e>{C. -ffiO^I^WN-y F4^>i?^^g-e 
StitS^<i;*9^^>^-;K^#^«^*A:'3-r-&® 1 
R?>'m2 WA:^^e- |fffEmiRa?^2CDA;^^S75^e. 
rotti:^#^€: 2 -sxoS&^^^fc-^tl-^tl^^fiJt-Slg 1 

Ry;^ 2 <7)^as»^i-iij#g:, HfriH^ 1 cojiKigc^^iij^a 

eic^#/^^^fe-r-5 J; ^> icj^sffla^ff 1 <^jg^m 
a^s. mmm2(omi^^^m^mA^ib<D-yj<Dmtim 

J;-5(3SlffSaaefT5^2(D«^ma¥g:. fFfS^lco 

mi&^^m^m-A^^cD^yj<Dm:hmmznL. 
mn-(DWi^<D&miz^^ti^^itL-r^j:o\zmMmm^ff 

^iK-i^^ffir -5 cfc f» tigj^jfla^rtf (Dmw-WM^ 

a. SfrlE^3WSIffMa^&*^e<Dttl;^;fS-^(0SitS*ia 

ib<Dmf]m-^o)mm^mm-t^m2(Dmmmm^S:. tn 
fs^3(7)?gff5Q:a¥a*^e.«tti;^)^^t. fifBM2w^ 

^ 2 cDjtsfMa^e (^(D^mii mn t *Ds:-r -5^2 
ro*p@^g:sffi;^-5, ±.m<n^o\zmf^-^ntc^yY^^ 
yn^mm\t. m 1 ruji^ 2 ro^iis^^jj-fij^g:*^^ 1 r 
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g/S^, m 1 Rix^ 2 (Dm^^^m^m-d^6<D-y5<Dtiiti 

[0 0 2 0] §e>C, MC05!BJ«^-;/ H:t:>S^^eT 

2 o A:*?^©, mmm i ro'^ 2 (7)a;']^sa^ ^ 
(Dthtim'^^ 2-DCDmm^^mz^n^nm>\-r^m 1 
ROf^ 2 «^i^«:^J-f ij^g. HfrlH^ 1 w^iSic^i-fiJ^ a 

m&^^m^^-ii^'b(Dm-:^<DtiitimmzML.^ 

i^cDmtim^t. mm^i-&.zsm2 0mwmm^^:^^i 

mmm^m^^<r)mtimmi, tf}w.mi-BLZfm2<DU» 
MS¥S75> 6 o)^mf}m^t^D\iwr^m2 otm^^ 

«. mi-si.-af^2<nmm.^^m^^*^^i'Si.uw.2(Dx 

a^g*^. W. 1 S:Z>'^ 2 ro^aS»^i-fiJ^g)4^ e CDffi:^cD 
[0 0 2 1] ■ffiCO^BJO'N-;/ H5j^>B*Sg-r 



«. tfifE^i, M2, ^3, -BLumA<Dm.w-^m^^ 

[0 0 2 2] 

[0 0 2 3] immm n mi \t. ^mmmmm i -c 

)V (Left channel) 'Si.U-:^=3^\ y^)V (Right channe 
1) (73X7^l/:t«-^ (OT, Lc hO^-^&O^Rc hCT) 

^■^t^ti^'nt^e)) S:-^n-€^nA;'jT^miRr>'^2 
<r>xti^'Y-i'saS2. f^\(DX:h^=^iti^ib<D\^ cY\(D 

fij-r-sm 1 ©ilKiciJ-iiJgp 3 . Ru:^ 2.CDA::bS^ 2 

i^(D2^C:^fiJ-r^^2«J^i£^:^«iJgP4S:*-rs. * 
;t. ^ F d> >f?^^B«> ^ 1 COiSK^^^f !)g|5 3 e. 

©^^fi£^fcjitfL.*isa#^i'>/'«;i-xjt£;^ (fir (fi 

nite Impulse Response) ) ^-f ;l/^ U >^*'$rfT5^ 1 
ROt|g2CDF I R 7 ^ 9 RtX 1 0> 2 COSJS 

»i}-fiJg|54*^t>Wfi^fiX^i-(C*tLF I R^-fJU^'JX/ 
^fT-5m3 5ttXm4<©F \Ry^)\^'^l \ -Bi.Ul 2 Sr^ 

iJ-fija? 3 <55«^^iJ-<D tii;f)m^ i:^ 1 -RU^ 4 © F 

I R^-f ;u^5' 2i)^<b(D^^tim^ ii^mn-r ^ 
w. 1 «^)p»g§ 13,^2 a:>mm.9^^mm 4 ts^ e. 

i^roti:l:^m-^<hM2]g:r>'^3®F I Ry ^ 1 ORO? 
1 1 A^?.CD^m;^m-^i:€:JD3?-r«>^2CD*fflll 4, 
RUJ^lRr>'^2«*Pff^l 3RIX1 4 56^e.CDtbi:^M^ 

\^x§m^ 1 6 ic-E-n-€^nKM-r-5>£#jox tr— 

t)l 5 LS:r>':^<B!i«;^tr-;t/ 1 5 R^ffiAAc-^iy F*> 
[0 0 2 4] ^lRt/^2(^A:t)ffl^lRC/2«, 0^ 

igi(D^&gc^fijep3«< ^i«/N'r/''^x7^';i'iS' 

«(C. |g2CO^)!S^^j-iiJg|5 4tt. M2<D/N'r/-?7.7^';|/ 
^ 7 <i:^2 0n-/'^X7-i';i'^ 8 frfl^^^nTI^^S. 

6 , 8 -ecOji»r^)&^«, lkHZ~7kHZ OfflcDI^ 

^iWD— A':j?.7-i';i/47 6*^6m:'3Sn-2)fittfS^ 
A/Da>A'-:5' (^S-tt-T) MSc 
ML (n) T'^$nS^^(C^g|$nT. SlRU^m2 

«F I R^-i- 9 25^0^1 0 i::A:'3$n-5. iBl^^t::. R 
ch«M#»-5'^. ^2«D— /tX^-t-;!/:? 8*^^)tB;'3 

■T) (CJ:0, K^MR (n) T^^tlSM^lc^MSn 
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T. ^3 ^1X^4 (OF I Ry^Jl^ 1 ISiD^'l 2 t'A;^ 

^(Dm^ML (n) 1 6 (^fettr:5-<^H?f^ofi:M 

F I Ry^ Jl^^ 9\Z{t. -r >AJl/Xi^;^FL 1 (n) T 

Ji^^lO{Z\t. ^ >/^)UXft-^FRl (n) T^^n^ 

4(DF I Ry^ )V9 1 imSl 2 tcti. A:^L.fc'(g:^^ 
6^(DmnMR (n) 1 6 CD:&«ff:;^t^Bff^C0>(4M 

F I r:7^;1/5' 1 1 tc^s. -r >/^;uxje^F R 2 (n) 
x^^n^^^(D'{^^.^fi^w&'^n. %A<DF I r:7 
^ji^i2\z\t. >A;^xir^^FL 2 (n) T-^^n 

--m4<DF 1 Ry^ )\y^9--i 2\z\t. —^m\zmmw 

^^mzfroy"^ z^^JUi^i!fi-Ji^y''n±y^ (DSP 
(Digital Signal processor) ) ^^j^<DL S I y^^J^^^ 
6n^o ^fz. ±m(D'i >/^)iy.Jt^^FL 1 (n) , F 
Rl (n) . FL2 (n) . J^Z>'FR2 (n) m 
LL (n) =ML (n) * FL 1 
RL (n) =ML (n) * FR 1 
RR (n) =MR (n) * FR 2 
LR (n) =MR (n) * FL 2 
{Bb. LL (n) RZSLR (n) ti. X tf— ;^ 1 5 L;^^ 
^^mmi ecofel^fCSijar-SL c h-RZSR c h<D^(D 
^JE^-^n-en^LTl/^^o RL (n) ]S:r/R R (n) 
f^. y.\:f-tl 1 bR^^iE>§:U^l 6(D:^:^\zmm'r^L 
c hJttXR c hco^c?:)Wffi^^LTV^^a ^fc. hHL 

(n) xtf-;tri s L7b^^&-w(D&m (mm^z^tm. 
m:(D&mx^D. ati^^ff ^«^ti]?itA□^7)^i®^:'r 
HR (n) Xtf-:^ 1 5 R7^i^e>^:?cO{i®fc4Dtt^ 

[0 0 2 6] ccT, F I R:7^;i/^coi¥SfiB;^j:«;7)ctc^ 
4^>S^Setcffli/^bti^F I R:7^;i/^c7)i¥ai;^j:S3j5 

^7lk^yUy^mX*$>^o ^1-'^4(DF IRy ^ 

feCDT'fe^o ^nSSf. «?iJ^«^lC0F lRy^)l^9\Z 
'Dl^yX<D^i^T\ZWim'r^o ll2fC^I/^T, ^1(7)FI 
R:7^;|/^9fS, m-^ML (n) ^A^^/T^A^^iSg^S 
0, X:^1®'¥-3 O^^ibcom^UL (n) ^0?ft1T;t'tta 

^^^-t^-^ (N-1) mcommm^s i> -r>/^;^xJr^^ 

FLi (0) —FLl (N-1) cD\^^^nf)^lz:>^^lA? 



*coa« <Dmiz^Lrzmw^Bmm^^m&r^z.t.{z 

[0 0 2 5] :$^m:Mm<D^y H:^>S^gBC0i!) 

f^tc^i^^TiftBJT^. ^l(^A:^S^l^^^t^L c 

:7^;i.^6fCci:0. MmfSi^:BcZSi^mf$.^(Dmn^z^n 

^enmi^n^o ig^^^^coM-^fi. ^icD/N'Yyiy;:7 
^;Ur5757:i^'b^ico^ipffg§i stcm^^^n^c i&^ji^^ 

(Dm^\t. "T^ ^^^Jl:^^(Om^ML (n) (c^i^^n 
rz.m. miRZSm2<7)F lRy^)ll^9^rJl 0{ZXtl 
^n^o -^LT. M-^ML (n) TflE (2 1) 
U^' (2 2) iC-C^^n^F I R y'^;Ur<7U >// (r^jA^ 

iS^) :^ 1 2 CO F I Ry4J\^^9i^zSi ox 
^n^nfftin^. \^m\z. m2(Dxtiis^s 2t^^(D 

Rc h<Dm^\^. W.2<d;\-^ /^y.y ^ llBLXS'm2<D 
-(nyy^)ii^7t^tbm2(Di}uW^i 4 \zihti^n^o 

i&i^fJSL^COm^lt. >^^;l/:^iCcom-^MR (n) \Z 

m^^nrcm. msRzsm4CDF i Ry^ ji^ i iRzf 

1 2\ZXt}'^n^o -^LT. m-^MR (n) {t. TIE 
(2 3) ^RZS (2 4) ^-C^^n^F I R:7^ U 
>^ (^goA^^r^S) ^3]^I/^4(^F I R>^^;l/^ 

1 ijtt/i 2T'-^n^'nfT^3n^o 

(n) * hHL (n) •••(21) 

(n) * hHR (n) •••(22) 

(n) * hHR (n) • • • (2 3) 

(n) * hHL (n) • • • (2 4). 

^Sc^LT^^^n, '^mTAP^M^m^ML (n) <h 
:^^®r^N{10D^ffg§3 2. N{lC0^^g§3 2/0^^c7) 

mfj^mw-r^mw^s 3. i^mmms 3^^ibo:>mn 
^mtir^m:hi^'F3 4^xmfS.i^nx\^^^o mm 

XL c hcoM-^^m-^ML (n) tcig^-r^^coit >y 

ci:f:3. ^ICDF I R77^;^^9ti, fi-^ML (n) tc*f 
LT^J!lP^<hil^<h^^OML. (2 1) iCtc^Lfcil: 

^^mw^froo f^. mf]m'f'3 4f)^^(Dititim^\t. 
^-^ntzm. mi<Di}mmi3 mi) izxti^n^o 

^F I Ry^ 9--1 2<Dmfi^^Z^l^^X. JLfE-y- 

^^m'^'tz.hr^<. F iRy^jv^a^m^^^mt^"^ 
\^±'r^z.t^^x^^o 

[0 0 2 7] HI \zm-ox. m i cojpffgg i 3 ti. mi 

I Ry^)l^9 7b^^<Dmt}m^. ^Zfm4(DF I Ry^ 

1 2'^^ib(othtim-^^m^(^^i^xi]m'r^o ^l 
X. mio)i}un^i 3^^ib(Dmtim^^t. m^i^r^^^m 
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1 Qti^^o^^-nm^. S:C/^3 c^F 1 Ry^ JUi^ 1 1 

1 sRizxti-^n. ^m^i biz^ti^xn^-^n^o 

[0 0 2 8] i^±(DJ:v{Z. ^mmiD^y \^^>n^^ 

mx\t. m^^mms. 4\zj:o. ^mm^^m^f^ 
^mmi 5(Dm^(om^(Diim\z^m^^&'r^<i:'D 

\z. f£^^^coM^t::*fbTF I r:7^ 2T 
ikWmm iRy^ )V^^)y^*) ^troTi^^o z.(D 

[0 0 2 9] mmm 2 » n s i^mmmmm 2 x 
^^^vv^ >^^se colt fig ^uy^mx$> 
^« ^(DmMmx\-^. ^y\^^-yn^^n<Dmf^\z^'^^ 
X. mio:>mm.mi7^mi<y:>^\^j^y.y^)v^bt.w, 
2(Di]mmiA:t.<Dm\zmn. m2(ommmi s^m2 

<D;\-i ny^y^ 1 hW, 1 (^MW-m 1 3 t.<Dmzmn 

r^. ^tii^^iit. mmmi(D^(DhmMx^^(Dxtn 
ib<Dm.m\tmm'r^o mmm 1 t(D^um^^^t. mi(D 

gii 7 \z^rim^<Dmmt£nm^^xm.2 mmmi 4 

\z]i}xti\^. f)^^^2(D/\-i j^yy ^ 7 f)^^(Dn^f^ 

6^(Dm^^m2(Dmi&mi B\z^r^'^'^(Dmmfcnm^ 
^xmimm^i ^\z\hf]r^zhx^^. -r/j:^^ 

^3tc^-rcfc'5>fc. nyy ^ ^f)^^ 

<D^^fSL'7^(Dm^\t2r:>\z^^'^n. -:*rt^^ 1 o;dPS 

m 1 3 tctB;^$n. ffi::^^^^ 1 ^mmm 1 7 tcm^^^n 

^icoilj^ggi 7tca:i;^$n;^ciS«;7K:^cofi-^tS. 

m^i7)Sj^B#P0lrffttil3^$nT^2aD*oSggl 4 tCffi 
::^i^n^o ^LT. ^ 2 <D^]P»g^ 1 4 , ^IcoSMgg 
1 7 75^bCOtH::^;fi-^<h. Ig2 <7)A-r AX 7 /6^e> 

(D^^l^^CDmnh. m2'BiUm3(DF IRy^ 1 

o'Blzsi if)^^(D^timmi^rS\^(Dm'txi]m't^o 

:&fflacoXh!— ;^ 1 5 Rt^^ e#<h UTg:®^ 1 6 tcSScM^ 

5i^cDm^^i2^tc53'iK$n. -':i5\^m2mmmi4\z 

m:^$n. ffi;^^i^2cDil^i§i 8tca:i:^$n^o Ig2 

^UT, mimmmi^\^. w.2<7^mmi^i)^ 
j^^<^mnt.. m iiBi,ism A (D¥ \Ry^ )\^i^9iblzs\ 



2f)^ib(D^t}mnt.^m'&(Dm'^xDm't^o ^imw 

mT\zm^\.h^%(Dx$>^. z.(j:>^o\z. z<Dm:Mm(^^ 

y Yi^yn^^Mx\^. 2 ^(D^^y:^)v<D^mm^(o 
~:^(D^^y^)V(D^mm^(DM^fSL^<r>mn^ 
m'&<Dmw^mxrdnmm\^x. m5<D^^y^)v<D^ 

m^m\<D%(D\zit-<^x. n^\^tz=^mm^<omm^^ 
\^±.-t^z^mx^^. 

[0 0 3 0] immmn m 4 ifm^^mmm 3 x 
do^M^jTts, ^^^^ H/f^>s^^Mco«fiet'^t^^ 
m 1 co/N-r /tx y^}v^^ 2 co-nmrn 1 4 c7:»P0itc 

^^t. |^^gfc:^2coy^y7"^— ^2 0^^2co/N-rAy; 
>'^;l/^7ch^l(D^PS:i§l 3i:(^^1tcKttfc<, ^n}^ 

mt. mmmi<7:>h<Dtmmx^^(Dx^n^(Dmm\t 
9 \z^ om^(75>^# ^ tmwm^mM^^xm 2 mm 

ggi A\z^-n\.. ip'r:^%2 (d;\^ nyy 7 ti^^ay 

'mms,%o:>m^^% 2 <dt -j ^^-—^ 2 0 \z^D'm^<D 
:k^'^rcnmm^Mm^^xmicoi]nw^i s^ztbti^ 

wm^nxm2mm^i A\z^ii^n^. ^bx. m 

m^^. 'm2(D;\'i /^yy 4 7i}^^(DUm.f&^(Dm 

-^i, |g2RZ>*^3COF I R:7^;U^ 1 OS^tXl It^ib 

(Dmtim^^^m'^(Dm^x1]mT^. m2(Di]mmi 

1 5 R;<?^e,^chLT§lg#l 6 icsri^^n^o 

^ 2 co/\< /^x :7 ^ 7 <b o:>Mm}^6^<r>m^\t. 2 ^ 

tc^iSS^n, -:;^tl^2(^^iD»i§i 4tcffi:;^^n, 

^i^2c7)T:y7"^-^ 2 0 tCtB^^^n-So ^2c7)T^y5" 

mafc\mm^nxw,immmi 3\z]^t}^n^o ^ 

UT, ^l<^AP@g|l 3fS, ^2C07:y5"^-37 2 0;<?^ 

^"^(^m^h. 'mi'ELTS'mAa)? I Ry^ jv^^iblzs I 
2f)^^(Dmiim^h'^^'&(r>m^xi]m'r^. igicosp 
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CO 0 3 1] mmmA)) m^\^. ^mM(Dmmm4x 

1 (D^\-(A7.y^Jl^ 5 <hSg2 0^JP»:ggl 4 iKDPHltCl^ 

2 <r»\^ n7.y ^ }\^^ 7 i <Dl\m^ i 3 

7t3cJ:0m^coB^fe1@^i±fc^. ^\<DTv^-^- 

^mwm^^tz:^. m2 cory 5^^-^ 2 o\z^ y)m^(o 
i^^^fz^irM^^i^^^i^xmimmmi 3\za^ti-f 
^:ihx^^o -rt^t)^. mb\z7r^'rj::v\z. mi<^^\ 
-^/^xy^ 5-^)^1^ <Dmi^m^<Dm^^t 2 ^ ^z^m^ 
n. -':^{:^mi(Di]mmi 3\zmti^n. i&'jjitmio:) 
mmmi7\zmt}^ri^o mi<Dmmmi 7 {zmti^n 
rc^mf&^(om^\t. m^<Dmmmmvrdnmm'^nx 

nxm2<Di]uwmi 4\zmt}^n^o m2(Di}m^i4 

m'^<Dm^xi]m-r^o mzmmmi At^ibcDmt^m 
bTSsg^i etcs^M^n^o nm\z. ^2c7)/n</^x 

)V^7f)^h(omi^f^^^o:>m^\'t2rD\z6^^'^n. — 

:^\%m2(Di]mmi 4\zmti^n. ^■:^\tm2(Dm^m 
1 8tcai::^$n^. m2(Dim^mi s\ztiMi'^nrc^^ 
lSL^(Dm^\^. m^(Dmmmttmmm^nxm2<7:> 

TyT-^—^ 2 0\Z]^f)'^ri^o ^bT> m2(D7yr' 
2 0 \z^\^^X. rf^^cDmM^atinWM'^nxm 

imm^i 3\z^f}^n^. mimmmi3\^^ m 
F I r:7^ ju^9j^txi 2^^^(Dmf}m^t^mmom 

y H4^>1 5C0iE{g!lO7.bf— ;^ 1 5 L bT§^. 
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